Hypodermosis or warble-fly infection is a subcutaneous myiasis caused by flies of the genus Hypoderma that has spread throughout the northern hemisphere. In Japan the disease is notifiable. In cattle, hypodermosis causes a reduction in milk production, weight gain and the value of hides [16] ; and the third item is principally attributable to migration of the larvae through the host tissues and emergence through the skin of the back to fall on the ground [2, 3, 5] . Yaks are pastured on the Tibetan plateau and are a principal source of income for the Tibetan people. The rate of myiasis in yaks is 70% to 80% and approaches 100% in some areas. Three species of warble flies have been reported in yaks; H. bovis, H. lineatum and H. sinense [16] . Larval migration occurs in the yak's body during the harsh Tibetan winter, when pasture is scarce and particularly production losses are devastating. It is therefore of great economic importance for the Tibetan people to protect their yaks from the infection. Repeated administration of anthelmintics is expensive and causes environmental damage [5] and a risk of side effects [7] . It is also very difficult to medicate yaks pastured in the wild. In an effort to find the most effective protocol for infrequent anthelmintic administration, we first observed the seasonal location and numerical variation of first-, second-and third-instar larvae of the warble fly in the body of yak to determine their migration patterns. Next, to determine the best month for treatment, we gave infected yaks a single dose of the anthelmintic, ivermectin, in different months of the year and then checked the subsequent levels of warble fly infection.
Migration study was performed from April 1999 to March 2000 using 60 yaks (2 to 3 years old) that were ranged on the Qinghai Highland in China. Each month of the experimental period, five of the animals were autopsied and warble fly larvae were obtained from such visceral organs as esophagus, rumen, jejunum and colon and the spinal canal. The larvae were fixed in 10% formalin for counting and stage determination. Other 45 yaks (1-year-old) ranged wildly on the Qinghai Highland in China were used for the medication study. Fifteen yaks each were treated [16] with ivermectin (Ivomec Topical; Merial Japan) by pouring on the back at a rate of 500 µg per kg body weight in September, October and November 2000. Other 15 yaks were used as a control group. Each month of the period from the beginning of December 2000 to the end of June 2001, we checked the number of warbles on the back of each yak by palpation.
The number of larvae detected in the body of the yaks was shown in Table 1 . In mid-August, first instars were observed for the first time in the esophagus (24%), lumen (22%), jejunum (12%), colon (12%) and infrequently in the spinal canal. After 2 months the first instars moved into the subcutaneous tissues of the back and developed into second instars. Here they lived in small bursiform masses, found along the entire length of back. The second instars stayed in these masses for about 3 months, when developed to third instars. The number of first instars peaked in October (maximum number: 482; Table 1 ) and then decreased until March, when they disappeared. From November to February, second instars were detected in the subcutaneous warbles on the back. The maximum number of these larvae was observed in January (325). Third instars were first found in the warbles in January. The number of third instars peaked in March (301), after then the number decreased until June. First instars from all the yaks autopsied were 1154 in total, while second instars were 922 and third instars 1022. In the control group, warbles were first palpated on the back of yaks in December and the number peaked in March with a * CORRESPONDENCE TO: NASU, T., Department of Veterinary Medicine, Faculty of Agriculture, University of Miyazaki, Miyazaki 889-2192, Japan. maximum of 850. Three of the 5 yaks given ivermectin in September were infected with warble fly larvae. In December, 4 warbles were detected on the back of the yaks. The number of warbles increased until March, after then the number decreased and no warbles were detected in June. In the group given ivermectin in October, no warbles were detected in any yak on the back in any of the months after administration. In the November-treated group, three yaks were infected with warble fly larvae. In December, a total of three warbles was detected on two yaks. In January one more yak was found to be infected with the fly larvae. The total number of warbles peaked in February (44) and then decreased. When we autopsied the host animals, second instars were detected dead in all of the warbles. The first instars of the warble fly were reported to parasitize only the esophagus and spinal canal which were the resting sites in winter [2, 6] . However, we found first instars in the subserosa of the rumen, ileum and colon and in also in the tela submucosa of the esophagus and in the spinal canal. First instars appeared in August and the number peaked in October. After then, the number of first instars decreased and second instars began to appear; therefore we considered that the warble fly probably stopped oviposition at this time. Second instars were first found at autopsy in the back of the yaks in November (Table 1 ) but the presence of warbles was not ascertained by palpation until December ( Table 2 ). The yak is long-haired and warbles would be too small to be detected by palpation in November, although at autopsy, warbles containing second instars were easily detected. In the group treated with ivermectin in September, a total of up to 25 larvae were obtained from 15 yaks on the back (Table  2) . This seemed to result from that some warble flies could lay their eggs on the yaks after ivermectin lost its efficacy. Similarly, in the November-treated group, some animals had warbles in the skin of the back, and second instars were found dead in the warbles when we dissected the yak. It is possible that first instars already moved to warbles on the back before treatment, where they were killed by the anthelmintic treatment. When the yaks were treated in October, all of the first instars would die. Ivermectin is effective for elimination of the warble fly [1, 4, 8, [10] [11] [12] [13] [14] but can cause side effects to the animals treated [7, 9] . Abuse of such chemicals possibly impairs human health and also increase drug resistance of the warble fly [15] ; and further produces environmental pollution [5] . Therefore, the most effective insecticides should be used only once at a low dose rate, not by injection [11] but pour-on to feral yaks. In October the number of first instars in the body of the yaks peaked, therefore, administration of ivermectin during this month could kill all the larvae parasitic in the yaks. In conclusion, October was the best month for eliminating the warble fly with a single dose of ivermectin. 
